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ABSTRACT

Soybean cultivars were evaluated during two con
secutive years for field resistance to black root rot
(BRR) caused by Cylindrocladium c r o t a l a r i a e .

Evaluations

were conducted in a naturally infested field with a 2 -year
history of BRR incidence.

Densities of microsclerotia

(ms) were measured at planting by a soil elutriation
technique.

Disease classes were based on a 0-4 scale

of foliage symptoms

(0 = no symptoms, 4 = 76-100 percent

of leaves per plant displaying sym p t o m s ) .

Chronological

age and physiological stage of plants were compared in
the determination of disease indices.
(P = 0.05)

Significant

differences in disease index values were

detected among the cultivars for both years.
'Dare',

'Davis',

'Forrest',

'Lancer',

Cultivars

'Lee 74', and

'Hood

75' exhibited the greatest degree of field resistance
for both years, whereas

'Bossier',

'Centennial', and

'McNair 600' were the most susceptible.
In greenhouse experiments,
'Cobb', and

cultivars

'Bossier',

'Hood 75' were grown to m aturity in field soil

(Olivier silt loam, pH 6.0) which had been artificially
infested with ms of C. c r o t a l a r i a e .

Five-day-old seedlings

w ere planted in 2 0 -cm plastic-lined pots containing a
s o i l :vermiculite mixture

(1 :1 , v/v) with adjusted inoculum

densities of 0.005,
soil

0.05,

(dry weight b a s i s ) .

0.5, 5.0, and 50.0 ms/g of
Measurements of plant growth,

yield, mortality, root rot severity, and rate of fungus
recovery from taproots were recorded at maturity.
'Bossier'

and 'Cobb'

sustained significant

(P = 0.05)

reductions in growth and yield at >_ 0*5 ms/g of soil)
'Hood 75' sustained likewise at

vii

5.0 ms/g of soil.

INTRODUCTION

Black root rot
Merrill],

(BRR) of soybean [Glycine m a x

caused by the soil-borne fungus, Cylindrocladium

crotalariae

(Loos) Bell and Sobers, poses a threat to

soybean production in the southern United States
26).

(L.)

(8 , 24,

Estimates of B R R yield losses range from negligible

to over 50 percent

(24).

Since 1965, when the fungus was initially discovered
in the United States,

incidence of BRR on soybean and

C ylindrocladium black root
at an alarming rate

(CBR) on peanut have increased

(1, 2, 17, 21, 22).

has been observed in Ascension,

Since 1977, BRR

St. Charles, St. James,

St. John the Baptist, and St. Landry parishes in Louisiana.
Control strategies for B R R have been limited in
success and have not been widely reported

(3, 12).

Attempts at chemical control with fungicides have been
unsuccessful

(3).

Although cultural control by means of

rotation w ith non-host crops has been recommended

(1 2 ),

it has been complicated by the presence of numerous
species of w ild hosts in the same field

(11, 25) .

No

source of resistant germplasm has been identified in
soybean

(18).

However, certain cultivars have exhibited

a limited degree of field resistance and/or tolerance

(12).
1

2

In view of the increasing incidence of BRR in
Louisiana and the present status of control strategies,
the need for research is apparent.
conducted to investigate

This research was

(1) field resistance to BRR among

commercially-grown cultivars and
host response relationships.

(2 ) inoculum density/

In addition, observations

were made on disease development and yield losses in the
field.

LITERATURE REVIEW

The first report of C y 1 indrociadium crotalariae
[perfect stage:

Calonectria crotalariae

Sobers] in the United States was in 1965
o f that year, Bell and Sobers

(2).

In August

(2) observed Calonectria

sp. to cause a peg, pod, and root rot on
p eanut in southwest Georgia.

(Loos) Bell and

'Early Runner'

Single-ascospore isolates

o f the fungus yielded a Cylindrocladium sp. imperfect
stage.

Upon comparison with the descriptions of

Calonectria theae Loos and C. theae var.
Loos

(10), all isolates were found to be morphologically

identical to the latter.
C.

crotalariae

The isolates differed from

theae w ith respect to ascospore size and stipe

vesicle shape of the Cylindrocladium c o n i d i o p h o r e .

The

results of further investigations suggested that stipe
vesicle shape, a criterion for differentiating C. theae
from C. theae var.
character.

c r o t a l a r i a e , was a stable taxonomic

Thus, Calonectria theae var. crotalariae Loos

was raised to specific rank:

Calonectria crotalariae

comb. n o v . , with Cylindrocladium crotalariae comb. nov.
identifying the imperfect stage.
The pathogenicity of C. crotalariae to soybean was
confirmed by Sobers and Littrell
10 ml of a conidial suspension

3

(26).

When they sprayed

(30 conidia/ml)

on the

4

leaves of

'Bragg' and 'Hampton'

soybean plants,

lesions were observed after 24-48 hours.

leaf

The root

systems of the same cultivars were stunted and dis
colored after propagation in a sand-cornmeal inoculum:
soil mixture

(1:40, v / v ) .

The histopathology of C. crotalariae on peanut has
been described in detail

(7) .

Similar stages of p a tho

genesis have been observed on soybean

(5).

On both

peanut and soybean the early stages of pathogenesis
involved the formation of infection cushions on the root
or hypocotyl epidermis.

Rapid necrosis of cells u n der

lying the infection cushions was followed by hyphal
invasion of the cortex and vascular stele.
(ms) formed in the cortical tissues.

Microsclerotia

The formation of

periderm, under certain conditions, was believed to
effectively block hyphal invasion of the vascular tissues
of peanut.
The optimum temperature range for infection of
peanut and soybean was 25-28 C

(5, 14), w h ich corresponded

w i t h the optimum temperature for vegetative growth of the
fungus in vitro

(2).

Less infection occurred at 20 C

and 30 C.
Several techniques have been developed to quantit
atively isolate ms of C. crotalariae from infested field
soil

(9, 16).

The procedure of Krigsvold and Griffin

(9)
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involved wet-sieving of blended soil samples on nested
150- and 44-pm sieves,

followed by treatment with 0.25

percent NaCIO and plating on an isolation medium.

This

procedure resulted in a max i m u m recovery rate of 81 p e r 
cent for laboratory-grown ms in artificially-infested
field soil.

Densities of 1-103 ms/g of soil were

recovered from naturally infested field soils.
et al.

Phipps

(16) developed an elutriation procedure which

involved the splitting of samples into s o i l ’and debris
fractions.

Samples were collected on 38- and 425-vm

sieves, blended for 2 minutes,
NaCIO

treated with 0.25 percent

(1 m i n u t e ) , and plated on an isolation medium.

This procedure resulted in a max i m u m recovery rate of
91 percent for laboratory-grown ms in artificiallyinfested field soil and 0.2-72 ms/g of soil from naturally
infested 'field soils.
The ms which from in the cortex and root nodules of
diseased plants are thought to be the primary means by
w h ich C. crotalariae disseminates and overwinters
9, 15,

16,

22).

(6 , 8 ,

Particles of peanut debris containing ms

have been trapped at a distance of 235 m downwind from
combines operating in infested fields

(2 2 ).

Host crops have a marked influence on the population
dynamics of C. crotalariae in the soil
Phipps and Buete

(8 , 9, 15, 16, 23).

(15) studied the effect of fallow, peanut,

6

soybean, and non-host crops,

such as corn, cotton, and

tobacco, on the population dynamics of C. c r o t a l a r i a e .
In microplots,

the densities of ms at harvest were 9.6, -

1.6, and 3.7 times preplant densities in soils planted
to 'Florigiant' peanut

(CBR-susceptible), NC3033 peanut

(CBR-resistant), and 'Ransom'

soybean, respectively.

Ms densities decreased in fallow soil and in soil planted
to the non-host crops.

After harvest and incorporation

of crop residues in soil, ms densities declined sharply,
suggesting that C. crotalariae did not colonize the
residue and produce ms.
The role of conidia and ascospores of C. crotalariae
in the epidemiology of BRR and CBR is not known
Hwang and Ko

(6 , 19).

(6 ) demonstrated that infection and sur

vival potentials of ascospores and conidia were less
than those of ms.

All three propagules were comparable

in ability to colonize dead papaya stems.

Rowe and Buete

(19) observed forcible discharge of ascospores from
perithecia in response to decreasing relative humidity.
Once discharged, the ascospores were extremely sensitive
to dessication,

suggesting that the propagule was capable

of only short-term survival.

MATERIALS AND METHODS
Field Resistance Evaluations:

1979-80.

evaluations were conducted for 2 years

Field resistance
(1979-80)

at a

location near Burnside, Louisiana where BRR had been
observed since 1977.
Four-row plots 6.1 m long with 0.9 m row spacing
and 1.5 m alleys were established in a Sharkey clay soil
(pH 6.2).

The experimental design was a randomized

complete block with 6 and 4 replications in 1979 and
1980, respectively.
The cultivars that were evaluated are listed in
Table 1.

Planting dates were May 29 and 30 for 1979 and

1980, respectively.

Seed were planted at a depth of

2.5 cm and at a rate of 25 seed/m.
and dinoseb

Metribuzin

(0.84 kg/ha)

(1 . 6 8 kg/ha) were applied for weed control.

Ms densities were measured in all plots at planting.
Soil samples

(20-25/plot) were taken to a depth of 8-12

cm with a 2-cm soil probe.

A 200-g composite sample was

elutriated for quantitation of ms

(16).

All soil samples

were elutriated within 2 weeks after collection.
The secondary foliage symptoms of BRR

(Fig.

used in the determination of disease indices.

1) were

Disease

classes were based on a 0-4 scale of foliage symptoms:
0 = no foliage symptoms;

1 = 1-25 percent of leaves per

7

8

Table 1.

Soybean cultivars evaluated for field resistance
to black root rot at Burnside, La. (1979-80).

Cultivar

M aturity group V

(Approximately 115 days to maturity)

Coker 136
Dare
Forrest
Hill
Mack
McNair 500
Maturity group VI

(Approximately 130 days to maturity)

Centennial
Davis
Hood 75
Lancer
Lee 74
M cNair 600
Pickett 71
Tracy
M aturity group VII

(Approximately 145 days to maturity)

Bragg
Bossier
Ransom
Terra-Vig 708
Maturity group VIII
Cobb

(Approximately 160 days to maturity)

9

Fig.

1.

Secondary foliage symptoms of B R R used in the
field resistance evaluations.

10

plant displaying symptoms;

2 = 26-50 percent of leaves

per plant displaying symptoms;

3 = 51-75 percent of

leaves per plant displaying symptoms;

and, 4 = 76-100

percent of leaves per plant displaying symptoms.

Fifty

plants were randomly selected in each plot and assigned
a disease class value.

Disease indices were calculated

as the mean class value of 50 plants.
Cultivars were indexed 1-4 times during the
experimental period, depending upon the maturity date of
a given cultivar.

All cultivars were first indexed when

maturity group V cultivars reached the full green seed
(R-6 ) stage
follows:

(4).

Subsequent indices were determined as

maturity groups VI-VIII, when maturity group

VI cultivars reached the R - 6 stage; maturity groups VIIVIII, when maturity group VII cultivars reached the R - 6
stage; and, maturity group VIII at the R - 6 stage.
At maturity,

50 plants were randomly selected from

each plot to biopsy taproots for C. c r o t a l a r i a e .
tissues
water,
minute,

Biopsy

(3/plant) were washed 10-15 minutes in running
surface-disinfected in 0.25 percent NaCIO for 1
and plated on an isolation medi u m

(16).

Petri

plates containing the biopsy tissues were maintained at
room temperature for 5-8 days under continuous fluorescent
light.
All field-tested cultivars were tested for reaction
to C. crotalariae in artificially-infested medium.

The

11

test isolate

(As-1) was obtained from the test site at

Burnside, Louisiana.

Inoculum was prepared by growing

the fungus on potato dextrose agar 3-4 weeks in darkness.
Incubation in darkness was necessary to suppress the
formation of perithecia.

Cultures were blended in 500 ml

of water for 2 minutes at low-speed in a Waring blender.
Ms were collected by washing the slurry on nested 425-,
150-, and 75-jjm sieves until mycelial fragments were
removed.

Ms collected on the 75-ym sieve were resuspended

in water,

and the density was determined by counting under

a dissecting microscope.

Inoculum suspensions were hand-

m i xed into a sterile sand:vermiculite m e d i u m
to obtain 50 ms/g of med i u m
infestation,

(1 :1 , v/v)

(dry weight b a s i s ) .

Following

the m e d i u m was dispensed into 1 0 -cm pots.

Seed were surface-disinfected in 0.25 percent NaCIO
(1 minute)

and planted 4 seeds/pot with 8 replications.

Plants were maintained in a growth chamber for 2 weeks at
22-24 C under a 16-hr photoperiod.

Pots were continuously

subirrigated with Hoagland's solution.
were indexed for root rot symptoms.
based on a 0-4 scale:

At 2 weeks,

Disease classes were

0 = no visible damage; and,

root system completely destroyed.
as previously described.

roots

4 =

Taproots were biopsied

12

B R R Y i e l d Comparisons;
Plants.

Symptomless Versus Symptomatic

In 1980, yield comparisons of symptomless

(class 0) and symptomatic

(class 4) plants were made in

conjunction with the field resistance evaluations.
'Forrest'

and

Fifty

'McNair 500' plants representing the two

disease classes were randomly selected and tagged at
the R - 6 stage.

At maturity,

the plants were removed from

the plots, bulked, and mechanically threshed.
determined as the total seed weight

Yields were

(g)/50 plants.

Taproot

biopsies were performed as previously described.

Cultivar Response to Inoculum D e n s i t y .
'Bossier',

The response of

'Cobb', and 'Hood 7 5 ’ cultivars to varying ms

densities were studied in greenhouse experiments.
were grown to maturity

(or death)

Plants

in soil which had been

artificially infested with ms of C. c r o t a l a r i a e .

A

completely randomized design w ith 6 replications was used
in the experiments.
mortality,

Plant growth measurements, yield,

root rot severity,

and rate of fungus recovery

from taproots were recorded at maturity
experiments were conducted twice with
and once with

(or d e a t h ) .

'Bossier'

and

The
'Cobb'

'Hood 75'.

The As-1 isolate of C. crotalariae was used in the
experiments because of its high degree of virulence.

In

preliminary virulence tests the As-1 isolate was selected
from a collection of isolates from differing geographic

13

and host origins.

The virulence tests were conducted

in a growth chamber w i t h

'Centennial'

soybean, using

previously described procedures, and were repeated twice.
Ms used in the greenhouse experiments were obtained
as previously described.

Following extraction from

culture, viability was tested by observing percent
germination of the ms on water agar after 48 hours at 24 C.
Standardized suspensions of ms were hand-mixed for 10
minutes in 3 kg
potting medium
0.05,

(dry weight)

of a s o i l :vermiculite

(1:1, v / v ) ; adjusted densities of 0.005,

0.5, 5.0, and 50.0 ms/g of potting m e d i u m

weight basis)

were obtained.

(dry

Prior to infestation,

the

soil, an Olivier silt loam (pH 6.0), was assayed by
elutriation and determined to be free of C. crotalariae
contamination.
Five-day-old seedlings

(2/pot) were established in

plastic-lined pots containing 3 kg
the infested medium.

'Nitragin'

Inoculant Laboratories)

(dry weight basis)

of

(Research Proved

inoculant was added at trans

planting at the rate of 0.1 g/pot.

Pots were spaced 40-

cm apart on the greenhouse bench to avoid c r o s s 
contamination.

Soil moisture was maintained approximately

at field capacity.

A 20-35 C ambient temperature and a

16-hour photoperiod were maintained for the duration of
the experiments.

W hen control plants were in the V-7 to

14

V - 8 growth stages, the photoperiod was reduced to induce
flowering.
Seed were hand-harvested at maturity.

Plant

mortality was recorded as the number of dead plants in
each treatment.

Plant height was measured as the

distance from the cotyledonary node to the terminal bud.
Roots were indexed for root rot symptoms, and taproots
were biopsied as previously described.

Root systems

were washed free of soil, dried at 70 C for 36 hours
and weighed.

RESULTS

Field Resistance Evaluations

Evaluations in Artificially-Infested M e d i u m .

The results

of the preliminary evaluations in artificially-infested
m e d i u m are presented as averaged data from two
experiments

(Table 2).

Root symptoms appeared 2-3 days following the
transfer of seedlings into the ms-infested vermiculite.
At 5-7 days, hypocotyl lesions and foliage chlorosis were
apparent on m any plants,
collapsed and died.

and at 2 weeks, many plants had

Since root symptoms were severe on

all cultivars, no significant differences in disease
index values were detected among the cultivars.

Field Evaluations in 1 9 7 9 .
first appeared in mid-July.

Signs and symptoms of BRR
By late August,

large areas

of dead plants were observed in many of the plots.
Significant
disease values

(P = 0.05)

(Table 3) that were determined during the

first indexing period
September).

differences were detected in

(late August through early

Cultivars which reacted as resistant were

found in maturity groups V-VIII and included the
following:
'Davis';

'Bragg';

'Forrest';

'Centennial';
’Hood 75';

15

'Cobb';

'Lancer';

'Dare';

'Lee 74'; and,

16

Table 2.

Evaluation of cultivars for resistance to
black root rot in artificially-infested
m e d i u m .Y

Cultivar

Bossier
Bragg
Centennial
Cobb
Coker 136
Dare
Davis
Forrest
Hill
Hood 7 5
Lancer
Lee 74
Mack
McNair 500
McNair 600
Pickett 71
Ransom
Terra-Vig 708
Tracy

Root rot disease index

4.0
4.0
4.0
4.0
4.0
3.8
3.6
3.8
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

2

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

^Data represent the average of two experiments conducted
in growth chambers.
Seedlings were grown in sterile s a n d :vermiculite medium
infested with 50 ms/g; disease index values were based
on a 0-4 scale of root symptoms (0 = no visible damage,
4 = root system completely destroyed and were calculated
as the mean of 2 jplants (8 replications) ; values in the
column followed by the same letter are not significantly
different according to Duncan's multiple range test
(P = 0.05).

Table 3.

Black root rot disease indices as determined at different periods during the
1979 growing season at Burnside, La.

Disease indicesw , x '^
2

Cultivar

1st
period

2nd
period

3rd
period

4th
period

Disease index^
at R - 6

Percent fungus
recovery from taproot

Maturity group V
Dare
Forrest
Hill
McNair 500

0.5 a-c
0.3 a-c
1.2 d
1.2 d

___
-------

-------

_____
-------

0.5 a-c
0.3 ab
1 . 2 d-f
1 . 2 d-f

92
90
94
94

96
90
92

Maturity group VI
Centennial
Davis
Hood 75
Lancer
Lee 74
McNair 600
Pickett 71

0.7 be
0 . 2 ab
0.0 a
0 . 2 ab
0.5 a-c
1.3 d
0.3 a-c

1.8

d-f
0.5 ab
0.2 a
0 . 8 a-c
0 . 8 a-c
2.2 f
1 . 0 a-d

---------------

---------------

1.8

f-h
0.5 a-c
0.2 a
0 . 8 a-d
0 . 8 a-d
2.2 h
1 . 0 c-e

88

0.3 a-f
1.3 d
1.2 d

0.5 ab
1.3 b-f
1 . 2 b-e

1.3 a
2.5 b
1.3 a

-------

1.3 d-g
2.5 h
1.3 d-g

94
92
90

a

---

1.3 d-g

92

92
94
86

Maturity group VII
Bragg
Bossier
Terra-Vig 708
Maturity group VIII
Cobb

0.2

ab

0.2

a

0.8

Table 3.

(Continued)

Disease index values were based on a 0-4 scale of foliage symptoms (0 = no symptoms,
4 = 76-100 percent of leaves per plant displaying symptoms) and were calculated as the
mean of 50 randomly selected plants (6 replications).
The first indexing was conducted when maturity group V reached the R-6 stage; the
second, when maturity group VI reached the R-6 stage; the third, when maturity group
VII reached the R-6 stage; and the final, when maturity group VIII reached the R-6
stage.
^Values in the columns followed
according to Duncan's multiple

by the same letter are not significantly different
range test (P = 0.05).

P e r c e n t a g e s are based on recovery of C. crotalariae from taproot biopsies
of 50 randomly selected taproots.

(3/plant)
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'Pickett 71'.

Cultivars which reacted as susceptible

in maturity groups V-VII and included the following:
'Bossier';

'Kill';

'McNair 500';

'McNair 600'; and,

'Terra-Vig 708'.
Significant

(P = 0.05)

differences in disease index

values were also detected in the second
and third

(late September)

(mid-September)

indexing periods

In the second period, most cultivars,

(Table 3).

particularly those

in maturity group V I , exhibited increased symptom
development.

In the third indexing period similar

observations were made of cultivars in maturity group VII.
The disease index values of all cultivars at the
R-6 stage were analyzed in a separate test
and the differences were significant

(Table 3),

(P = 0.05).

Cultivars which reacted as resistant were found among
m aturity groups V-VI and included the following:
'Davis';

'Forrest';

'Hood 75';

'Lancer';

and,

'Dare';

'Lee 74'.

Cultivars which reacted as susceptible cultivars were
found in maturity groups VI-VIII and included the
following:

'Bossier';

'Centennial'; and,

'McNair 600'.

Examination of infected taproots after harvest
revealed the typical black discoloration associated with
BRR.

The rate of recovery of C. crotalariae from taproots

was 86-96 percent among all cultivars

(Table 3).

Densities of ms in the soil at planting ranged 0.5-20.0

20

m s / g of soil.

A major portion of the ms were recovered

from the soil fraction of the split sample.

Field Evaluations in 1 9 8 0 .

Signs and symptoms of BRR

first appeared in late July to early August,
2-3 weeks later than in 1979.

approximately

Advanced symptoms and

plant death were not observed with frequency until late
August to early September.
Significant

(P = 0.05)

differences were detected

in disease index values that were determined during the
first indexing period

(Table 4).

'Centennial' was the

only cultivar which reacted as susceptible.
Significant

(P = 0.05)

differences in disease index

values were detected in the second and third indexing
periods.

The m ost substantial increases in symptom

development occurred among cultivars in maturity groups
VI and VII,

for the second and third indexing periods,

respectively.
Analysis of R-6 disease index values for all
cultivars resulted in significant

(P = 0.05)

differences.

Cultivars which reacted as resistant were found in
m aturity groups V-VIII and included the following:
'Coker 136';
'Mack';

'Dare';

'McNair 500';

'Ransom'; and,

'Davis';

'Forrest';

'Lancer';

'Terra-Vig 708'.

'Lee 74';

'Hill';

'Cobb';

'Hood 75';

'Pickett 71';

Cultivars which reacted

Table 4.

Black root rot disease indices as determined at different periods during the
1980 growing season at Burnside, La.

Disease indicesw , x '^
Cultivar

1st
period

2nd
period

3rd
period

4th
period

V
Disease index-*
at R-6

z
Percent fungus
recovery from taproot

Maturity group V
Coker 136
Dare
Forrest
Hill
Mack
McNair 500

-------------

0.2
0.1
0.3
0.1
0.2
0.2

a-c
ab
a-c
ab
a-c
a-c

1.0
0.0
0.0
0.0
0.1
0.8
0.0
0.2

be
a
a
a
ab
a-c
a
a-c

1.8
0.2
0.1
0 .4
0.9
1.5
o .4
1.0

0.1
0.4
0.0
0.1

ab
a
a
ab

0.4
0.4
0.0
0.1

-------------

-------------

0.2
0.1
0.3
0.1
0.2
0.2

ab
a
a-c
a
ab
ab

84
90
92
82
80
78

d
a-c
ab
a-c
be
e
a-c
cd

-----------------

-----------------

1.8
0.2
0.1
0.4
0.9
1.5
0.4
1.0

h
ab
a
a-d
a-g
e-h
a-d
a-h

88
80
76
78
90
88
80
78

a-c
a-c
a
a

1.0
1.2
0.9
0.6

---------

1.0
1.2
0.9
0.6

a-h
c-h
a-g
a-e

86
86
82
84

:urity group VI
Centennial
Davis
Hood 75
Lancer
Lee 74
McNair 600
Pickett 71
Tracy
Maturity group VII
Bragg
Bossier
Ransom
Terra-Vig 708

be
be
be
ab

Table 4.

(Continued)

Disease indicesw , x '^
Cultivar

1st
period

2nd
period

3rd
period

4th
period

0. 0 a

0.0a

0.3a

0.7

Disease index^
at R-6

Percent fungus2
recovery from taproot

Maturity group VIII
Cobb

0.7 a-f

90

w Disease index values were based on a 0-4 scale of foliage symptoms (0 = no symptoms, 4 =
76-100 percent of leaves per plant displaying symptoms and were calculated as the mean of
50 randomly selected plants (4 replications).
xThe first indexing was conducted when maturity group V reached the R-6 stage; the
second, when maturity group VI reached the R-6 stage;
the third, when maturity group VII
reached the R-6 stage; and the final, when maturity group VIII reached the R-6
stage.
^Values in the columns followed
according to Duncan's multiple

by the same letter are
range test (P = 0.05).

not significantly different

P e r c e n t a g e s are based on recovery of C. crotalariae from taproot biopsies
50 randomly selected taproots.

(3/plant) of

tO
to
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as susceptible were found in maturity groups VI-VIII
and included the following:
and,

'Bossier';

'Centennial';

'McNair 600' .
The rate of recovery of C. crotalariae from taproots

was 76-92 percent among all cultivars

(Table 4).

Densities of ms in the soil at planting ranged 0.5-12.5
m s / g of soil.

B R R Yield Comparisons:

Symptomless Versus Symptomatic

Plants
Symptomatic plants were stunted and possessed small,
poorly filled pods in comparison to symptomless plants
(Figs.

2,3).

Single-plant yields of symptomatic plants

were significantly reduced
to symptomless plants
'Forrest'

and

respectively.

(P = 0.05)

(Table 5).

in comparison

Yield reductions of

'McNair 500' were 43 and 51 percent,
The rate of recovery of C. crotalariae

from taproots was highest in symptomatic plants

(Table 5).

Cultivar Response to Inoculum Density

Preliminary Virulence T e s t s .
tests

The results of the virulence

(Table 6) are presented as averaged data from 2

experiments.

W i t h the exception of the Virginia isolates,

m o s t isolates of C. crotalariae were virulent.

Plants

inoculated w ith virulent isolates developed symptoms that
were similar to those observed in the preliminary

Pig.

(

2.

Black root rot-symptomless
(right) 'Forrest' plants.

(left)

and symptomatic

25

Fig.

3.

Pods of black root rot-symptomless (left)
symptomatic (right) 'Forrest' plants.

and

Table 5.

Cultivar

Forrest
McNair 500

Black rgot rot yield comparisons:
plants.

Yield (a)a 'b
----------- ^ ----------class 0
class 4

symptomless plants vs. symptomatic

Percent
yield reduction

Percent fungus
recovery from taproot
class 0
class 4

926

532

43d

48

82

1049

513

51d

70

96

aDisease classes were based on a 0-4 scale of foliage symptoms
4 = 76-100 percent of leaves per plant displaying symptoms.

(0 = no symptoms,

bFigures represent the total seed weight (g) for 50 plants (4 replica t i o n s ) .
Pe
r c e n t a g e s are based
Percentages
basei on the recovery of C. crotalariae from taproot biopsies
(3/plant) of plants.
a

Yield reductions were significant

(P = 0.05).
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Table 6.

Comparative virulence of Cylindrocladium
crotalariae isolates of differing geographic
and host origins.

Host of origin
and isolate no.

Source

Root rota
disease index

Taproot ,
recovery

Glycine max
A-l
SL-1
C-64

Louisiana
Louisiana
North Carolina

4.0
4.0
4.0

16
16
16

North Carolina
N orth Carolina
North Carolina
North Carolina
N orth Carolina
North Carolina
Virginia
Virginia
Virginia

4.0
3.2
4.0
, 4.0
4.0
4.0
1.6
2.0
1.2

16
16
16
16
16
16
16
16
16

Arachis hypogaea
10
87
90
617
621
675
V-l
V-2
V-3

a Seedlings of 'Centennial' soybean were grown in msinfested vermiculite in a growth chamber; disease index
values were based on a 0-4 scale of root symptoms (0 =
no visible symptoms, 4 = root system completely destroyed)
and were calculated as the mean of 2 plants (8
r e p l ic a t i o n s ) .
Figures represent the number of plants (out of a possible
16) from which C. crotalariae was recovered by taproot
biopsy (3/plant).
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resistance evaluations.

Plants inoculated w ith the

Virginia isolates developed a moderate degree of fibrous
root discoloration.

Greenhouse E x p e r i m e n t s .
ments

In the first series of experi

(Tables 7, 8), plants grown in soil infested with

£ 5 . 0 ms/g developed symptoms 5-6 days following
transplanting.
lesions,

The observed symptoms included hypocotyl

foliage chlorosis, permanent stunting,

3-4 weeks, plant death.

and after

In soil infested w ith £ 0.5 ms/g,

plants grew to maturity with no detectable above-ground
symptoms other than slight stunting at 0.5 ms/g.
yield loss occurred at £ 5.0 ms/g.
observed at £ 0.5 ms/g;
were severe.

Total

No root rot was

at £ 5.0 ms/g, root rot symptoms

C. crotalariae was not recovered from

taproots at £ 0.5 ms/g.
In the second series of experiments

(Tables 7, 8,

9), symptom development was less severe in comparison to
the first series, and subsequently, data were not pooled.
Plants grown in soil infested with > 0 . 5 ms/g were
stunted at 1 month following transplanting
6 ).

(Figs.

4, 5,

Necrotic terminals were observed at £ 5.0 ms/g.

At

10-12 weeks following transplanting, plants recovered
from stunting in the 0.5 ms/g treatment.
(P = 0.05)

Significant

reductions in root dry weight, plant height,

and yield were detected among all cultivars at > 5.0 ms/g.

Table 7.

Response of 'Bossier' soybean grown in soil infested with varying densities of
Cylindrocladium crotalariae microsclerotia.3

Inoculum density
(ms/g of soil)

Experiment No.

control
0.005
0.05
0.5
5.0
50.0

Root rot
disease index

_
Fungus
recovery
from taproote

1^

control
0.005
0.05
0.5
5.0
50.0
Experiment No.

Plant
mortality

Growth measurements
--------------------------Root dry
Plant
Yield
weight (g)
height (cm)
(g)

0
0
0
0
12
12

7.5
7.0
7.5
5.0
1.5
1.0

a
a
a
b
c
c

43.3
41.0
44.7
30.0
5.9
5.3

a
a
a
b
c
c

12.0
12.5
12.2
9.7

0
0
0
0
0
4

5.9
4.3
5.0
5.0
1.6
0.6

a
a
a
a
b
b

72.7
72.3
73.8
74.0
24.2
16.8

a
a
a
a
b
b

7.4
9.0
8.4
9.0
4.8
1.3

—

a
a
a
b

0
0
0
0
4.0
4.0

0
0
0
0
12
12

a
a
a
a
b
c

0
0
0
0
1.8
4.0

0
0
0
0
12
12

-

2^

aLaboratory-grown microsclerotia were hand-mixed into uninfested field soil.
u

Figures represent the number of plants out of a possible 12 that were killed before
maturity.

Table 7.

(Continued)

cMeasurements were recorded at maturity (or death) and represent the mean of 2 plants
(6 re plications); values in the columns followed by the same letter are not significantly
different according to Duncan's multiple range test (P = 0.05).
Disease index values were based on a 0-4 scale of root symptoms (0= no visible symptoms,
4 = root system completely destroyed) and were calculated as the mean of 2 plants
(6 replications).
eFigures represent the number of plants out of a possible 12 from w hich C. crotalariae
was recovered by taproot biopsy (3/plant).
^Experiment No. 1 was conducted in the greenhouse from February,

1980, through June, 1980.

^Experiment No. 2 was conducted in the greenhouse from November,
1981.

1980, through March,

Table 8.

Response of 'Cobb' soybean grown in soil infested with varying densities of
Cylindrocladium crotalariae microsclerotia.3

Growth measurements0
Inoculum density
(ms/g of soil)

Plantb
mortality

Root dry
weight (g)

Plant
height (cm)

Yield

Root rot^
disease index

(g)

recovery
from taproot

Experiment No. 1^
control
0.005
0.05
0.5
5.0
50.0
Experiment No.
control
0.005
0.05
0.5
5.0
50.0

0
0
0
0
12
12

8.6
9.0
9.7
6.0
1.5
1.1

a
a
a
b
c
c

40.7
40.0
45.8
32.7
6.8
4.6

a
a
a
b
c
c

13.0
12.9
12.4
8.2

0
0
0
0
0
10

5.0
4.7
3.9
2.9
1.7
0.3

a
a
ab
ab
be
c

62.1
64.3
65.1
43.6
22.2
8.3

a
a
a
b
c
d

8.3
7.7
9.0
7.5
4.0
0.4

a
a
a
b

0
0
0
0
4.0
4.0

0
0
0
0
12
12

a
a
a
a
b
c

0
0
0
0
2.2
4.0

0
0
0
0
12
12

-----

2^

aLaboratory-grown microsclerotia were hand-mixed into uninfested field soil.

Figures represent the number of plants out of a possible 12 that were killed before
maturity.

Table 8.

(Continued)

Measurements were recorded at maturity (or death) and represent the mean of
(6 replications); values in the columns followed by the same letter are not
different according to Duncan's multiple range test (P = 0.05).

2 plants
significantly

Disease index values were based on a 0-4 scale of root symptoms (0 = no visible symptoms,
4 = root system completely destroyed) and were calculated as the mean of 2 plants
(6 replications).
eFigures represent the total of plants out of a possible 12 from which C. crotalariae
was recovered by taproot biopsy (3/plant).
^Experiment No.

1 was conducted in the greenhouse from February, 1980, through June, 1980.

^Experiment No.
1981.

2 was conducted in the greenhouse from November,

1980, through March,

w
to

r

Table 9.

Response of 'Hood 75' soybean grown in soil infested with varying densities of
Cy1indroc1adium crotalariae microsclerotia.a '°

Growth measurements^
Inoculum density
(ms/g of soil)

control
0.005
0.05
0.5
5.0
50.0

Plant0
mortality

0
0
0
0
0
2

Root dry
weight (g)

8.6
9.4
9.6
6.3
1.9
2.2

a
a
a
a
b
b

Plant
height (cm)

74.5
84.0
79.7
78.5
32.5
30.3

a
a
a
a
b
b

Yield
(g)

8.8
9.3
8.7
7.1
5.0
3.8

Root rote
disease index

a
a
a
ab
be
be

0
0
0
0
0.4
1.3

Fungus
recovery
f
from taproot

0
0
0
0
12
12

aLaboratory-grown microsclerotia were hand-mixed into uninfested field soil.
^The experiment was conducted in the greenhouse from November 1980, through March, 1981.
cFigures represent the number of plants out of a possible 12 that were killed before
maturity.
Measurements were recorded at maturity (or death) and represent the mean of 2 plants
(6 replications); values in the columns followed by the same letter are not significantly
different according to Duncan's multiple range test (P = 0.05).
eDisease index values were based on a 0-4 scale of root symptoms (0 = no discoloration,
4 = 76-100 percent discoloration) and were calculated as the mean of 2 plants
(6 replications).
fFigures represent the number of plants out of a possible 12 from which C. crotalariae
was recovered by taproot biopsy (3/plant).
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Fig. 4

'Bossier' plants after 1 month of growth in msinfested soil.
M s/g of soil (left to r i g h t ) :
control; 0.005; 0.05; 0.5; 5.0; and 50.0.

Fig.

5.

'Cobb* plants after 1 month of growth in msinfested soil.
Ms/g of soil (left to right)
control; 0.005; 0.05; 0.5; 5.0; and 50.0.
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Pig.

6.

'Hood 75' plants after 1 month of growth in msinfested soil.
Ms/g of soil (left to r i g h t ) :
control; 0.005; 0.05; 0.5; 5.0; and 50.0.
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Root rot symptoms were not observed at £ 0.5 ms/g.
50.0 ms/g,

root symptoms were severe on

'Cobb', and moderate on

'Hood 75'.

'Bossier'

At
and

C. crotalariae was

not recovered from taproots at < 0.5 ms/g.

DISCUSSION

The results of the resistance evaluations in the
field indicate that an acceptable level of field
resistance to BRR exists among a number of soybean
cultivars in maturity groups V-VI.

During both years of

evaluation, disease index values of a number of cultivars
appeared in the same relative position within the array
of statistical subgroupings.

Utilizing this observation

as a criterion for evaluation at the R-6 stage, cultivars
'Dare',

'Davis',

'Forrest',

'Lancer',

'Lee 74', and

'Hood 75' were considered to be relatively resistant
during both years; cultivars

'Bossier',

'Centennial',

and

'McNair 600' were considered to be the most susceptible.
Data from both years were not pooled because disease
development in 1980 was substantially less than in 1979.
The differences between the 2 years may be partially
attributable to the soil moisture conditions at planting.
In 1979,

soil moisture was high before and following

planting, whereas,

in 1980,

before and after planting.

soil conditions were dry
Phipps and Buete

(14)

reported that a soil moisture content near field capacity
was most conducive to infection of peanut roots by
C. c r o t a l a r i a e .

It is possible that a similar relation

ship between the fungus and soybean.
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The physiological stage of the soybean plant is an
important factor to be considered in the evaluation of
soybean cultivars for field resistance to BRR.

A number

of cultivars, particularly those in maturity groups VIIVIII, displayed only minor
first indexing period.

(if any)

symptoms during the

As the season progressed and the

cultivars approached maturity, the foliage symptoms
increased.

Therefore,

chronological age is probably not

a valid criterion when evaluating cultivars which
represent a wide range of maturity dates.

Two

possibilities are suggested for the delay in symptom
expression:

1)

symptom expression in late-maturing

cultivars was influenced by late-season drought stress;
and 2) symptom expression was influenced by the
physiological stage of the plant.

Phillips

(13) reported

that brown stem rot caused by Cephalosporium gregatum
Allington and Chamberl.

symptoms increased when young

soybean plants were changed from a short-day to a longday photoperiod.

The R-6 stage was a suitable stage at

which to index foliage symptoms for several reasons:
1) evaluation at R-6 allowed enough time for symptoms
to develop in the early-maturing cultivars;

and 2) R-6

is the last green stage of development and, thus,

the

last stage at which foliage symptom indexing would not
be complicated by normal senescence.
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Utilization of an existing natural infestation of
C. crotalariae provided an adequate inoculum level for
evaluation of field resistance.

BRR symptoms were

observed in all plots during both years, regardless of
the initial ms density.

Uniform inoculum distribution

in each plot was evident from the soil assays and the
high rate of fungus recovery from taproots.
The results of the preliminary evaluations in
artificially-infested m e d i u m are not consistent with the
field results.

The fact that all cultivars were

susceptible at 50 m s/g

(near field level)

suggests that

none is a potential source of resistant germplasm,
regardless of field reaction.
The comparison of single-plant yields of symptom
less

(class 0) versus symptomatic

(class 4) plants

probably does not reflect actual BRR losses in the field.
In a determination of actual field losses,

factors such

as BRR-induced lodging and premature pod dehiscence,

as

well as plants exhibiting intermediate symptoms, would
have to be considered.

However,

the experimental p r o 

cedure could foreseeably provide a means by which
cultivars could be evaluated for tolerance to BRR.
The results of the inoculum density/cultivar
response experiments suggest that the potential for yield
loss from BRR may exist when the inoculum density at
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planting approaches 0.5 ms/g.

This is evident from the

first series of experiments in which
sustained significant
growth at >_ 0.5 ms/g.

(P = 0.05)

'Cobb' and

'Bossier'

reductions in yield and

Sartorato and Schmitt

(23) infested

microplots with varying densities of ms and concluded
that yield loss thresholds for 'Forrest'

and

'Ransom'

soybean may be as low as 0.2 ms/g at planting.
Data from the second series of experiments, which
included

'Hood 75', are consistent w ith data from the

field resistance evaluations.

'Hood 75'

(resistant)

sustained minor to moderate root damage and yield loss at
^ 5.0 ms/g;
mediate)

'Bossier'

(susceptible)

and

'Cobb'

(inter

sustained greater damage and yield losses at

the same l e v e l .
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